Revolution in Building and Fireproofing of Infrastructures  by Hol, Gerard H.P & Roelfsema, Elwin
 Procedia Engineering  125 ( 2015 )  948 – 952 
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering Forum (EACEF-5)
doi: 10.1016/j.proeng.2015.11.134 
ScienceDirect
Available online at www.sciencedirect.com
The 5th International Conference of Euro Asia Civil Engineering Forum (EACEF-5) 
Revolution in building and fireproofing of infrastructures 
Gerard H.P Hola,*, Elwin Roelfsemab  
aBartels Engineering B.V., Director Bartels Building Solutions, Linie 524, 7325DZ Apeldoorn, Netherlands 
bTBI Infra B.V. Postbus 20175, 7302 HD Apeldoorn, Netherlands 
Abstract 
The paper will describe the development of a fire resistant prefab concrete panel called the Fire Fighting Layer® (FFL®). This 
panel can be used to provide fire protection for concrete constructions in infrastructure, non-residential and industrial buildings. 
The panel has two functions: During the construction phase, the panel functions as formwork, during the user phase, the panel 
functions as a fire resistant protective layer for the underlying main Load-bearing structure. In order to be approved for use as a 
fire resistant protective layer for main concrete load- bearing structure, the FFL® must be able to withstand the temperatures 
generated in the hydrocarbon fire test curve (Dutch Directorate General for Public Works and Water Management). Three 
additional requirements must also be met: The temperature of the main reinforcing elements may not exceed 250°C, The 
temperature of the concrete at a distance of 25 mm from the outside of the reinforcing elements may not exceed a temperature of 
380°C, The panel must remain intact for a period of at least two hours. The paper describes the test carried out and the design 
tools used. The reason for developing this solution was the idea to save time during construction by omitting the fire proofing of 
the construction. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5). 
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1. Introduction 
The Fire Fighting layer® (FFL®) is designed in such a way that the panel can function as formwork for pouring 
concrete in layers up to 1 meter during the construction phase of an infrastructure such as a tunnel. During the 
lifetime of the construction the FFL panel is there to protect the concrete of the main structure against temperatures 
 
 
* Corresponding author.  
E-mail address: ghol@bartels.nl 
 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc- d/4.0/).
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5)
949 Gerard H.P Hol and Elwin Roelfsema /  Procedia Engineering  125 ( 2015 )  948 – 952 
that are harmful for the concrete or the reinforcement. This two properties are combined in a precast concrete panel 
with a thickness of 65 mm. The concrete of the panel is reinforced with a high strength steel fiber. 
This paper gives information about the design of the necessary strength requirements for the concrete and the 
choice of the type of the steel fibers and the strength of the used concrete mix. Because of the choices made during 
the strength design additional choice have been made during the design of the concrete because this concrete has to 
withstand a temperature of 1350 degrees Celsius during 2 hours. This is due to the requirements of the Dutch 
Directorate General for Public Works and Water Management [1]. The article will show the results of the tests that 
have been done on the FFL Plate. 
The FFL plate has the following dimensions 2,4 by 3,6 m and a thickness of 65 mm. The FFL plate is fitted with 
anchors to fasten the FFL plate to the main construction. These anchors are spaced in lath of 30 cm by 30 cm. The 
heat of the fire is lowered through the use of heat resister with a thickness of 5 mm that is produced as a aerogel. 
The concrete plate has a thickness of 60 mm and the total thickness is 65 mm. 
2. Strength requirements  
The following mechanical loads will act on the FFL plate : 
x Demolding of the plate after placing and curing during 2 days 
x Transportation from the factory to the construction site  
x Hoisting of the plates of a lorry into the work 
x Placing of the concrete 
All the above mentioned handling of the plate give the starting points for the design of the concrete mix. The 
environment in which the plate has to function is classified as XF2 an element not saturated with water with deicing 
salts and frost [2] This implies a maximum water cement ratio of 0,45. 
Demolding of the plate needs a minimum strength of 20 MPa. The transportation of the plate is done after two 
weeks hardening of the concrete. The minimum strength required is then 45 MPa. When hoisting the plate the pull 
out strength of the anchors is the decisive load. Required is a minimum strength of at least 43 MPa. Placing of 
concrete with a thickness of 1 meter asks for a bending strength of 6,2 MPa.  
The above criteria result in a minimum strengths of the concrete mix at an age of 28 days of C70. 
Because of the fact that during the pouring of the concrete of the main construction the strength that is required 
has a high value there is a risk for brittle failure of the FFL plate. This failure mechanism is prevented by including 
steel fibers as reinforcement. This fibers that are used give strain hardening in bending [3]. Design criteria such as 
safety factors that are used in the design of the plate are the ones that are suggested in the CEB FIB modelcode 2010 
[4] for fiber reinforced concrete.  
To establish design value for the FFL plate the following test were carried out on the concrete mix that was used 
for the production of the plates: compressive strength, three point bending strength according to EN 14561 [5], 
Modulus of elasticity. In the three point bending test the amount of steel fibers in the mix was determined in relation 
to the strength requirements and the workability of the mix used in the production of the plates.  
The results of the tests on the hardened concrete were used in a FEM Model Atena [6] to design the thickness of 
the plate and the support system when used as lost formwork.  
The FEM Model used for the calculations was verified by doing a test in practice. One full scale test was 
executed. The test had the following dimensions; two plates with the dimensions of 3,6 m by 2,4 were put on a 
scaffolding system with a 80 cm by 80 cm bearing construction. On the plate was build a frame work for pouring 
concrete with a maximum height of 1,25 m. In this frame work was poured a concrete mix that was retarded in such 
a way that during the complete test the concrete was not hardening. In this way the load on the plate was maximized 
during the testing. The results of these tests verified the FEM simulation. In this way the complete entrance of the 
Sluisskil Tunnel in Netherlands was build. During the building of this part of the tunnel it was confirmed that the 
combinations of properties of the FFL plate accelerated the process. 
3. Fire resistance 
The concrete plate should be able to resist a fire with a maximum temperature of 1350 degrees Celsius during a 
period of 2 hours. After and during the fire load the plate has to stay intact. The fire load is conform the Dutch 
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Directorate General for Public Works and Water Management. During the testing the time of the maximum load is 
increased by 30 minutes. 
 
Fig. 1 Fire curves [1] 
Also the plate has to protect the main construction (tunnel), the requirements are that the maximum temperature 
in the outer skin of the construction is not higher than 300 degrees Celsius and also that the temperature of the 
reinforcement should be below 250 degrees Celsius.  
The following tests were carried out on the concrete mix; first of all a plate with the dimensions of 1 by 0.6 m 
was cast and hardened during 14 days. With the same mix as used in the to find the mechanical values for the 
design. The test setup was the following the concrete plate was put on the fire site, on top of this plate was put the 5 
mm layer of aerogel and on top of this plate was put a concrete plate with the same thickness. In this setup were 
several thermocouples placed. This test setup was used as a prove of principle. 
 
 
Fig. 2 Proof of principle 
During this test the temperature was monitored in the plate and at the surface of the aerogel on the side of the fire 
and in the surface between the aerogel and the concrete cover. Because the test results were about the same as the 
results obtained in the FEM analysis, there was started a full scale test of the construction. 
The following full scale test was started, the construction of the specimen that will be used in the test will have 
the following dimensions. The construction used in the test has the dimensions 4,20 m by 2,40 m. The construction 
concrete has a thickness of 15 cm. The plate was casted and cured during 14 days before the test was started. Before 
the start of the tested two cylinders were drilled with a diameter of 150 mm as a reference. During the test 
temperature was measured with thermocouples at varies point in the construction. The most important were those at 
the reinforcement, the toplayer of the construction concrete, the interface of the aerogel and at the anchor between 
the two concrete layers. 
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1. Concrete main construction; 2. Aerogel layer; 3. FFL concrete 
Fig.3 Cross section of FFL plate an d construction 
4. Results 
After 150 minutes of fire loading of the plate the results were the following: 
x The FFL plate was intact, there was no spalling of concrete. At some parts there was a formation of glass 
phase on the surface. This reaction whereby glass was formed was intended by the composition of the 
binder and the addition of grounded limestone. 
x The temperature in the main construction at the level of the reinforcement stayed below 130 degrees 
Celsius. This was also confirmed by the use of thin sections taken from core after the fire load. [7]. The 
results from the FEM analysis were a higher. The difference in the results are most likely the result of the 
effect of the melting of components.Which will lower the temperature 
x In the surface layer of the concrete temperature was below 350 degrees Celsius 
Because of the results of all the tests that were carried out on parts of the FFL plate and those that were carried 
out on whole section were positive the plate is now used in the building and fire proofing of the entrance on the west 
side of the tunnel below the canal Terneuzen Sas van Gent in the Netherlands.  
The combination of properties such as mechanical strength during the pouring of the concrete and the ability to 
withstand a RWS fire accelerated the building process. 
 
 
Fig 4 Temperature graph during test 
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5. Conclusions 
The designed plate does function as a fire proofing in infra structures objects withstanding a RWS fire for at least 
150 minutes. During this time the main structures is protected against high temperatures. This is true for the concrete 
and the reinforcement. Because of the use of the FFL plate during the construction of tunnels in the infrastructure 
the total building time and the costs will be greatly reduced. 
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